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(57) ABSTRACT

A method of preparing a silicon carbide wafer for subse-
quent epitaxial growth thereon is disclosed. The method
comprises (a) placing the silicon carbide wafer onto a
support table in a plasma processing chamber such that the
surface of the silicon carbide wafer distal to the support table
is unmasked; (b) establishing a flow of an etch gas mixture
into the plasma processing chamber, wherein the etch gas
mixture comprises molecular hydrogen, H,; and (c) gener-
ating a plasma from the etch gas mixture within the plasma
processing chamber and using the plasma to etch the
unmasked surface of the wafer so as to reduce the roughness
of the unmasked surface.
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Fig. 2
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METHOD OF PREPARING A SILICON
CARBIDE WAFER

FIELD OF THE INVENTION

[0001] The invention relates to methods of preparing
silicon carbide wafers for epitaxial growth thereon.

BACKGROUND

[0002] Silicon carbide (SiC) crystals possess various
physical properties that make them an attractive choice for
the construction of semiconductor devices, for example a
high thermal conductivity and resistance to corrosion. In
particular, developments in green technologies such as elec-
tric vehicles has, in recent years, led to increased demand for
SiC wafers.

[0003] Inorderto carry out epitaxial growth on the surface
of an SiC wafer, the roughness of the surface, which we
define herein as the arithmetic average roughness R, must
be very low, typically well below 3 nanometres (nm),
preferably below 1 nm and more preferably below 0.5 nm.
SiC watfers are typically obtained by slicing segments from
a larger crystal ingot, obtained, for example, by growth from
a melt. The slices are lapped to the required thickness and
then mechanically polished to reduce the roughness of their
surfaces, and this mechanical polishing step typically
reduces the surface roughness from an initial value in the
range of about 100-150 nm to one in the range of 5-10 nm.
In order to further reduce the roughness to a value suitable
for epitaxial growth, a subsequent chemical mechanical
polishing (CMP) step is typically performed. CMP processes
involve polishing the surface of the wafer with a slurry
containing an abrasive and one or more corrosive com-
pounds that are capable of chemically etching the surface of
the wafer.

[0004] A problem with the conventional process of manu-
facturing SiC wafers is that the various stages described
above are time-consuming and therefore limit the rate of
production. The CMP step in particular adds complexity and
incurs a risk of damaging the surface and underlying crystal
structure of the wafer due to the necessary involvement of
corrosive substances. There is hence a need for a way of
manufacturing SiC wafers that overcomes these limitations.

SUMMARY OF THE INVENTION

[0005] A first aspect of the invention provides a method of
preparing a silicon carbide wafer for subsequent epitaxial
growth thereon, the method comprising: (a) placing the
silicon carbide wafer onto a support table in a plasma
processing chamber such that the surface of the silicon
carbide wafer distal to the support table is unmasked; (b)
establishing a flow of an etch gas mixture into the plasma
processing chamber, wherein the etch gas mixture comprises
molecular hydrogen, H,; and (c¢) generating a plasma from
the etch gas mixture within the plasma processing chamber
and using the plasma to etch the unmasked surface of the
wafer so as to reduce the roughness of the unmasked surface.
[0006] Surprisingly, it has been found that etching the
surface of an SiC wafer using plasmas generated from etch
gases comprising H, can significantly reduce the surface
roughness of the wafer from its initial value to a value
sufficiently low as to allow the etched surface to be used for
epitaxial growth without any subsequent processing. The
invention thereby eliminates the need to chemically
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mechanically polish the wafer and thus provides a faster and
more economical process for the manufacture of SiC wafers
suitable for epitaxial growth.

[0007] Much of the variation in the surface profile at the
scale of 1-10 nm is due to the presence of defects at or near
the surface, for example pipes, screw dislocations, edge
dislocations and vacancies. The inventors have found that
plasmas generated from etch gas mixtures comprising H,
tend to etch into such defects and the surrounding uniform
crystalline structure at similar rates, thereby allowing the
layer of material containing the defects to be removed
without amplifying the variation in the surface profile.
Without wishing to be bound by theory, it is suggested that
the adsorption of H, molecules and/or hydrogen radicals
onto the surface of the wafer alters the sputtering yield
generated by ions from the plasma as they collide with the
surface of the wafer in a manner that depends on the angle
of incidence between the surface and the ion, and that the
resultant etching favours those parts of the wafer surface that
are oriented at a non-parallel angle to the nominal plane of
the wafer. The hydrogen thus has a moderating effect on the
etching of the parts of the surface that lie in the nominal
plane of the unmasked surface of the wafer and favours the
removal of irregularities in the surface profile.

[0008] As noted above, the SiC wafer is arranged with an
unmasked surface distal to the support table. “Unmasked”
here means that the surface in question is not covered by a
patterned mask, such as would be provided for etching a
structure such as an integrated circuit into the wafer. In other
words, there is no mask disposed anywhere on the relevant
surface of the wafer, since the process is one of preparing the
wafer surface for subsequent epitaxial growth over substan-
tially the whole surface, and does not itself introduce a
pattern. It should be noted that the surface of the wafer is not
necessarily completely uncovered—for example, parts of
the surface distal to the support table could be covered by
clamps for holding the wafer in place—but it is preferable
that most or all of the surface is uncovered (at least through-
out step (¢)) so that substantially all of the surface receives
a uniform degree of exposure to the plasma.

[0009] In preferred implementations the etch gas mixture
further comprises a noble gas, preferably argon, Ar, wherein
preferably the ratio of H, to the noble gas in the etch gas
mixture is in the range of 5:1 to 1.5:1, preferably in the range
of 4.5:1 to 2:1. lonised noble gases, in particular argon,
promote the interaction of reactive species such as hydrogen
radicals in the plasma with the surface of the wafer by
breaking chemical bonds in the SiC lattice. Collisions of
noble gas ions with the surface of the wafer also assist the
etching by sputtering material from the surface. The ratios
above have been found to be particularly suitable for pro-
cesses in accordance since they have been found to achieve
significant reductions in the roughness of the etched surface
of the wafer. Where a noble gas such as argon is present in
the etch gas mixture, preferably 5% to 40% of the etch gas
mixture consists of the noble gas, more preferably 10% to
35%, most preferably 15% to 30%. Again, etch gases
comprising a noble gas such as argon present in these
quantities have been found to achieve substantial reductions
in the roughness of the etched surface of the wafer. Where
a noble gas is present in the etch gas mixture, it has been
found that the sputtering action is greatly enhanced when the
mass of the bombarding noble gas ions is greater than or
equal to that of the Si atoms being sputtered, which have an
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atomic weight of about 28. Hence, in particularly preferred
implementations, the noble gas has an atomic weight greater
than or equal to 28, and most preferably the noble gas is
argon, Ar. As noted above, argon has been found to be
particularly effective, though other noble gases with atomic
weights greater than 28 (for example krypton and xenon) are
also suitable.

[0010] In preferred implementations the etch gas mixture
further comprises one or more fluorine-bearing gases each
configured to release fluorine radicals when in the plasma,
wherein preferably each fluorine-bearing gas is one of
sulphur hexafluoride, SF, carbon tetrafluoride, CF,, nitro-
gen trifluoride, NF;, and molecular fluorine, F,. By a
“fluorine-bearing gas” we mean any gas which, when pres-
ent in the plasma, dissociates in such a manner that it
releases free atomic fluorine into the plasma. Although such
gases are widely regarded as suitable for etching vertical
features such as trenches and mesas, the inventors have
found that, surprisingly, the presence of a fluorine-bearing
gas in the etch gas mixture when performing the method
defined above can achieve a reduction in the roughness of
the etched surface of the SiC wafer. As explained above, it
is suggested that the presence of H, in the etch gas mixture
causes the sputter yield to vary with the angle between the
trajectory of the incident ion and the part of the surface of
the SiC watfer with which it collides in such a way that
promotes the etching of surfaces non-parallel to the nominal
plane of the wafer. It is believed that this effect is enhanced
by the presence of fluorine-bearing gases acting as etchants
in the etch gas mixture. In particular, etch gas mixtures
comprising SF, have been demonstrated to achieve signifi-
cant reductions in the roughness of the etched surface.
Where a fluorine-bearing gas is present, the ratio of H, to the
fluorine bearing gas in the etch gas mixture is preferably in
the range of 100:1 to 5:1, preferably in the range of 50:1 to
20:1. These compositions have been found to be particularly
effective at reducing the roughness of the etched wafer
surface. More generally, when a fluorine-bearing gas is
present in the etch gas mixture, it is preferred that there is
more H, than fluorine-bearing gas in the mixture. It has been
found that these compositions generally benefit from the
etching effect of the fluorine-bearing gas while achieving
good reductions in the surface roughness of the etched
surface.

[0011] Advantageously, at least 20% of the etch gas mix-
ture may consist of H,, preferably at least 40%, more
preferably at least 50%, most preferably at least 60%. Etch
gas mixtures in which hydrogen is present at these levels
have been found to achieve particularly large reductions in
the surface roughness of the etched surface.

[0012] In particularly preferred embodiments, the etch gas
mixture consists essentially of SF,, H, and Ar, wherein
preferably the ratio of SF¢:H,:Ar is approximately 1:40:10.
Methods in accordance with the first aspect of the invention
have been demonstrated to achieve the desired reduction in
surface roughness using etch gas mixtures containing only
these compounds, and in these embodiments the particular
composition of approximately 1:40:10 has been found to
achieve the best results. Of course, other species may
incidentally be present at trace levels without comprising the
ability of the method to achieve the desired result. By
approximately 1:40:10, we mean that each part of this ratio
is within 20% of the stated values, preferably within 10%.
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[0013] In preferred implementations, during step (c) the
pressure in the plasma processing chamber is controlled to
a value in the range of 1 to 20 millitorr (mTorr), preferably
4 to 6 mTorr, more preferably about 5 mTorr. The greatest
reductions in surface roughness have been observed under
these conditions. Performing step (c) under pressures in
these ranges has been found to be particularly beneficial
where a noble gas (in particular one with an atomic weight
greater than or equal to 28, such as argon) is present in the
gas mixture. It is believed that under these low pressures, the
plasma in the chamber is sufficiently rarefied that the noble
gas ions are able to bombard and sputter material from the
surface of the wafer without substantially being impeded by
other species in the plasma. This ensures that the angle-
dependent etching promoted by the H, in the mixture (de-
scribed above) proceeds effectively, which produces a high
level of smoothing across the unmasked surface being
etched.

[0014] The plasma is preferably generated with a plasma
power in the range of 1000 to 3000 watts (W), preferably in
the range of 2000 to 3000 W, more preferably about 2500 W.
[0015] Advantageously, in step (c), the etch may be per-
formed for between 15 and 25 minutes, preferably about 20
minutes. It has been found that the surface roughness of the
SiC wafer can be reduced to values suitable for epitaxial
growth by etches of this duration when performed as part of
a method in accordance with the first aspect of the invention.
[0016] Preferably step (c) further comprises applying a
bias voltage to the substrate table, wherein preferably the
bias voltage has a power in the range 0f 200 to 1200 W, more
preferably 800 to 1200 W, most preferably about 1000 W.
This has been found to enhance the etch rate (thus increasing
the speed with which the wafer can be prepared for epitaxial
growth) while still achieving reducing the roughness of the
unmasked surface.

[0017] A second aspect of the invention provides a method
of preparing a silicon carbide wafer for subsequent epitaxial
growth thereon, the method comprising: (a) placing the
silicon carbide wafer onto a support table in a plasma
processing chamber such that the surface of the silicon
carbide wafer distal to the support table is unmasked; (b)
establishing a flow of an etch gas mixture into the plasma
processing chamber, wherein the etch gas mixture com-
prises: one or more fluorine-bearing gases configured to
release fluorine radicals when in a plasma; and one or more
polymer-forming fluorocarbons and/or one or more poly-
mer-forming hydrofluorocarbons; and (c¢) generating a
plasma from the etch gas mixture within the plasma pro-
cessing chamber and using the plasma to etch the unmasked
surface of the wafer so as to reduce the roughness of the
unmasked surface.

[0018] This method of the second aspect of the invention
differs from that provided by the first aspect in that the etch
gas mixture is only required to comprise one or more
fluorine-bearing gases and one of more polymer-forming
fluorocarbons. Like that of the first aspect, the method of the
second aspect of the invention has been found to be capable
of reducing the surface roughness of the SiC wafer to a value
sufficiently low for performing epitaxial growth thereon and
eliminates the need to perform a CMP process. It is believed
that the mechanism by which these results are achieved is
similar to that outlined above with reference to the first
aspect, but with the polymer-forming fluorocarbon(s) and/or
hydrofiuorocarbon(s) taking the place of hydrogen in pro-
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moting etching of parts of the surface that lie non-parallel to
the nominal plane of the wafer. By “polymer-forming
(hydro)fluorocarbon” we mean any (hydro)fluorocarbon
which, when present in the plasma, is capable of forming a
polymer layer on the surface of the SiC wafer. These
compounds are distinguished from such fluorine-bearing
gases as CF, which are not, without the addition of other
gases, capable of forming polymers in a plasma.

[0019] It is believed that the effect of the fluorine-bearing
gas(es) in methods in accordance with the second aspect is
similar to that described above with reference to the first
aspect of the invention, i.e. that their behaviour as etchants
is influenced by the presence of the polymer layer on the
surface of the SiC wafer in such a way that leads them to
selectively attack parts of the wafer surface that are non-
parallel to its nominal plane.

[0020] The one or more fluorine-bearing gases may advan-
tageously comprise one or more of sulphur hexafluoride,
SFy, carbon tetrafluoride, CF,, nitrogen trifluoride, NF;, and
molecular fluorine, F,.

[0021] Octafluorocyclobutane, c-C,Fg, and triftuorometh-
ane, CHF;, are respectively examples of a fluorocarbon and
a hydrofluorocarbon which been found to be suitable for
performing methods in accordance with the second aspect of
the invention. In preferred embodiments, the etch gas mix-
ture comprises one or both of these compounds (and option-
ally other fluorocarbons and/or hydrofiuorocarbons).
[0022] Advantageously, the ratio of the fluorine-bearing
gas to the polymer-forming fluorocarbons and/or polymer-
forming hydrofluorocarbons in the etch gas mixture may be
in the range of 15:1 to 3:1, preferably about 7:1. By this we
mean that the sum of all of the fluorocarbons and hydro-
fluorocarbons is present at these levels, rather than each one
individually. Etch gases with this composition have been
found to be particularly effective at reducing the surface
roughness of the SiC wafer.

[0023] Preferably at least 90% of the etch gas mixture
consists of the fluorine-bearing gas and the one or more
polymer-forming fluorocarbons and/or polymer-forming
hydrofiuorocarbons, preferably at least 95%, more prefer-
ably substantially all of the etch gas mixture. It has been
found that no other species need be present in the etch gas
mixture in order to achieve the necessary reduction in
surface roughness, though even where substantially all of
the etch gas mixture comprises these substances, trace levels
of other species may be present.

[0024] In preferred embodiments, during step (c) the pres-
sure in the plasma processing chamber is controlled to a
value in the range of 1 to 20 mTorr, preferably in the range
of 2 to 6 mTorr, most preferably about 3 mTorr. Significant
reductions in surface roughness have been achieved with
pressure values in this range.

[0025] Preferably the plasma is generated with a plasma
power in the range of 2600 to 3800 W, more preferably about
3200 W.

[0026] Advantageously, in step (c), the etch is performed
for between 5 and 15 minutes, preferably about 10 minutes.
It has been found that the surface of the SiC wafer can be
made sufficiently smooth for epitaxial growth by an etch
with a duration in this range.

[0027] Preferably step (c) further comprises applying a
bias voltage to the substrate table, wherein preferably the
bias voltage has a power in the range of 100 to 1200 W,
preferably 640 to 960 W, more preferably about 800 W.
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[0028] A third aspect of the invention provides a method
of preparing a silicon carbide wafer for subsequent epitaxial
growth thereon, the method comprising: (a) placing the
silicon carbide wafer onto a support table in a plasma
processing chamber such that the surface of the silicon
carbide wafer distal to the support table is unmasked; (b)
establishing a flow of an etch gas mixture into the plasma
processing chamber, wherein the etch gas mixture comprises
at least hydrogen bromide, HBr, and oxygen, O,; and (c)
generating a plasma from the etch gas mixture within the
plasma processing chamber and using the plasma to etch the
unmasked surface of the wafer so as to reduce the roughness
of the unmasked surface.

[0029] Like the methods of the first and second aspects of
the invention, this method has been found to reduce the
surface roughness of the SiC wafer from its initial value to
a level that permits epitaxial growth to be performed
thereon. In this case, the essential components of the etch
gas mixture are hydrogen bromide and oxygen. It is believed
that hydrogen bromide plays a role in the etching process
that is analogous to that of hydrogen in the first aspect of the
invention as outline above, i.e. to moderate the etching of
parts of the wafer that lie in the nominal plane of the
unmasked surface. The oxygen has been found to enhance
the ability of the plasma to remove material from the
unmasked surface of the wafer, and is believed to preferen-
tially etch features of the surface that lie out of the nominal
plane of the unmasked surface when present in combination
with hydrogen bromide.

[0030] It has been found that the best results are achieved
when HBr is present at a substantial level in the etch gas
mixture, so preferably at least 40% of the etch gas mixture
consists of HBr, more preferably at least 50%, most pref-
erably at least 60%.

[0031] In preferred implementations, the ratio of HBr:O,
in the etch gas mixture is in the range of 3:1 to 1.5:1, more
preferably about 2:1. The enhancing effect of O, on the
ability of the plasma to remove material from the surface of
the wafer has been found to be particularly strong with these
compositions.

[0032] The etch gas mixture preferably further comprises
one or more halogen-bearing gases that do not comprise
bromine. As will be discussed in more detail below, these
could be fluorine-bearing gases or other halogen-bearing
gases such as other hydrogen halides (e.g. HCI). In particu-
larly preferred implementations, however, the one or more
halogen-bearing gases do comprise one or more fluorine-
bearing gases each configured to release fluorine radicals
when in the plasma, wherein preferably each fluorine-
bearing gas is one of sulphur hexafluoride, SF,, carbon
tetrafluoride, CF,, nitrogen trifluoride, NF;, and molecular
fluorine, F,. The effect of these compounds here is thought
to be similar to that described above in the context of the first
and second aspects of the invention, i.e. to etch the surface
of the SiC wafer in manner that favours removal of material
from parts of the surface that are lie outside of the nominal
plane of the unmasked surface. Preferably the ratio of HBr
to the fluorine bearing gas in the etch gas mixture is in the
range of 100:1 to 2:1, more preferably in the range of 7:1 to
3:1. This has been found to achieve the most effective
reduction in the roughness of the etched surface.

[0033] In preferred implementations, the etch gas mixture
consists essentially of SF, O, and HBr, wherein the ratio of
SF4:0,:HBr is approximately 1:1:4 or 1:4:6, since it has
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been found that no other species need be present in order to
achieve the desired results and these ratios have been found
to be particularly effective. However, it will be understood
that other species may be present at trace levels without
appreciably reducing the quality of the results achieved.
[0034] Preferably during step (c) the pressure of the
plasma is controlled to a value in the range of 5 to 20
millitorr (mTorr), preferably 12 to 18 mTorr, most preferably
about 15 mTorr. These values have been found to be most
suitable for performing methods in accordance with the third
aspect of the invention.

[0035] Preferably the plasma is generated with a plasma
power in the range of 2400 to 3600 W, most about 3000 W.
[0036] In preferred embodiments of the third aspect, in
step (c) the etch is performed for between 5 and 15 minutes,
preferably about 10 minutes. This duration has been found
to be sufficient to prepare the surface for epitaxial growth.
[0037] Preferably step (c) further comprises applying a
bias voltage to the substrate table, wherein preferably the
bias voltage has a power in the range of 100 to 1200 W,
preferably 320 to 480 W, most preferably about 400 W. As
noted above, biasing the substrate table enhances the etch
rate, and these values have been shown to do so while
achieving a reduction in the roughness of the unmasked
surface.

[0038] In the foregoing discussion, three processes have
been introduced together with preferred features and param-
eters particular to each one. We will now set out further
preferred features that may be implemented as part of any of
the three methods above.

[0039] In methods in accordance with each of the three
aspects of the invention above, during step (a) the unmasked
surface preferably has a roughness of at least 1 nm, prefer-
ably at least 3 nm, more preferably at least 5 nm. The
methods above have been found to be capable of preparing
surfaces of SiC wafers having initial roughness values
within these ranges for epitaxial growth. However, in other
embodiments the roughness of the unmasked surface during
step (a) may be less than 1 nm, since reductions in roughness
have also been achieved for surfaces with initial roughness
values within this range.

[0040] As explained above, the methods provided by the
present invention are capable of preparing the etched surface
of the SiC wafer for the growth of epitaxial layers. Hence,
the method preferably comprises after step (¢): (d) growing
an epitaxial layer of a material on the etched surface for the
wafer.

[0041] In some preferred implementations, between steps
(c) and (d), the wafer is removed from the plasma processing
chamber and placed inside a chamber for epitaxial growth,
and step (d) is performed while the wafer is in the chamber
for epitaxial growth. The epitaxial growth is thus performed
in a different chamber to that in which the etch is performed.
Separate apparatus suitable for performing each of these
steps is readily available, so these embodiments are advan-
tageous in that they can be performed with convention
equipment. Hence, in particularly preferred implementa-
tions, step (d) comprises: (d1) evacuating the plasma from
the plasma processing chamber; (d2) transferring the wafer
to an epitaxial growth chamber; and (d3) establishing a flow
of a vapour into the epitaxial growth chamber so as to grow
the epitaxial layer of the material. In these embodiments, the
vapour may comprise the material and/or one or more
precursors suitable for forming the material on the etched
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surface of the silicon carbide wafer. The material and/or
precursors could be chosen such that the epitaxial layer is a
layer of SiC. Step (d3) could be repeated with the same or
different materials/precursors in order to grow a series of
epitaxial layers suitable for manufacturing electronic
devices and other such products. In particularly preferred
embodiments, the epitaxial growth chamber and the plasma
processing chamber are comprised by a single plasma pro-
cessing tool. This can allow the wafer to be conveyed
between the plasma processing chamber and the epitaxial
growth chamber without being handled or transported over
large distances, which will minimise the risk of damage to
the etched surface during transit.

[0042] In alternative implementations, the etching step (c)
and the epitaxial growth step (d) may be carried out in
separate processing tools, potentially even at different loca-
tions and by different entities. For example, the etching step
(c) could be performed by the wafer manufacturer, and the
subsequent epitaxial growth step may be performed by a
device manufacturer, having sourced the wafer from the
wafer manufacturer.

[0043] In all of the methods described above, the process
is preferably controlled so as to perform a blanket etch of the
unmasked surface of the wafer. A blanket etch is one in
which substantially all of the unmasked surface receives the
same degree of processing, which in the present invention
will result in a uniform level of roughness across the etched
surface. Performing a blanket etch thus allows a large area
to be prepared for epitaxial growth.

[0044] In preferred embodiments, the unmasked surface of
the wafer includes at least a circular unmasked area with a
diameter of at least 100 millimetres, preferably at least 150
millimetres, more preferably at least 200 millimetres. By
this we mean that it is possible to identify, within the
unmasked area of the surface, a circular zone having a
diameter of this minimum lateral dimension within which no
mask of the kind described above is present. However, it will
be appreciated that the actual periphery of the unmasked
area may, potentially, not be circular (although this will be
so in the preferred example of a completely unmasked,
circular wafer being etched). Typically this minimum
dimensions corresponds to a diameter of the wafer: for
example, for a circular unmasked surface, diameter referred
to above is simply the diameter of the circle, and for a square
surface, it is the side length of the square. For a rectangular
unmasked surface, this diameter is the smaller of the two
side lengths of the rectangle. A larger diameter of this
notional circular area typically signifies that a greater area
on the surface of the wafer will be prepared for epitaxial
growth by the etching step, and methods in accordance with
the present invention have been demonstrated to success-
fully prepare unmasked areas of SiC watfer having minimum
dimensions in the ranges recited above.

[0045] In some preferred implementations, the method
comprises before step (a), slicing the wafer from an SiC
crystal. In these embodiments, the wafer is preferably not
subjected to chemical mechanical polishing (CMP) between
the step of slicing the wafer from the SiC crystal and step (a).
As explained above, methods in accordance with the first,
second and third aspects of the invention are capable of
preparing the surface of an SiC wafer for epitaxial growth
thereon without the need for chemical mechanical polishing,
so it is preferred that no such process is performed. This is
advantageous as it eliminates the risk of the corrosive
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substances involved in the CMP damaging the surface
and/or underlying crystal structure of the wafer.

[0046] Advantageously, the wafer is oriented such that the
unmasked surface is a silicon face. This is can be achieved
by slicing the SiC wafer from a larger crystal in such an
orientation that at least one surface of the wafer is terminated
in silicon atoms (as opposed to carbon). The methods of the
present invention have been found to be particularly effec-
tive when the unmasked surface is a silicon face.

[0047] Preferably the silicon carbide wafer comprises
non-epitaxially grown silicon carbide, and the surface
etched in step (¢) is of non-epitaxially grown silicon carbide.
As noted above, this can be achieved by slicing the wafer
from a larger crystal ingot, which can be grown from a melt,
for example.

[0048] In preferred implementations, step (c) further com-
prises delivering helium to the surface of the wafer proximal
to the substrate table so as to cool the wafer, wherein
preferably the helium is delivered at a pressure in the range
of'1 to 10 Torr, most preferably about 2 Torr. This feature is
sometimes referred to as “helium backside cooling” and
ensures that the wafer is not damaged by, for example,
thermal stresses induced by the heat from the plasma. It also
ensures that the conditions at the surface of the wafer are
uniform across the unmasked surface, which in turn pro-
motes a degree of processing by the plasma. In many
embodiments the wafer be shaped such that the surface
proximal to the substrate table is approximately parallel to
the unmasked surface, in which case this leads to particu-
larly uniform cooling of the unmasked surface of the wafer.
[0049] Preferably during step (c) the temperature of the
substrate table is controlled to a value in the range of 5 to 30
degrees Celsius (° C.), preferably in the range of 15 to 25°
C., most preferably about 20° C. This can be achieved for
example by recirculation of a fluid or by any other cooling
process, examples of which are well-known. Again, this
prevents the wafer being damaged by heat and ensures
uniform processing across the unmasked surface.

[0050] In step (c), the plasma may advantageously be
generated by an inductively-coupled plasma source. The
plasma could, however, be generated by an alternative
source such as a capacitive coupled plasma source.

[0051] As explained above, methods in accordance with
the first, second and third aspects of the invention have been
found to substantially reduce the roughness of the unmasked
surface of the wafer, so preferably the roughness of the
unmasked surface is reduced by at least 60%. Moreover, the
roughness of the unmasked surface is preferably reduced to
3 nm or less, more preferably 1 nm or less, still more
preferably 0.5 nm or less, as this will result in a surface that
is particularly suitable for epitaxial growth.

[0052] Inpreferred embodiments, in step (a) the unmasked
surface has a roughness R, in the range of 1 to 100 nm,
preferably in the range of 1 to 10 nm. Furthermore, in some
preferred implementations the roughness of the unmasked
surface in step (a) may be at least 5 nm. The disclosed
methods have been found to be capable of preparing sur-
faces suitable for epitaxial growth from surface with initial
roughness values in these ranges.

[0053] Advantageously, step (c) may further comprise:
(c1) applying a bias voltage to the substrate table with a first
power, P1, for a first time period; and (c2) after (cl),
applying the bias voltage to the substrate table with a second
power, P2, for a second time period, wherein P2 is less than
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P1, preferably less than 0.5 times P1. By lowering the bias
power for a period of time at the end of the etching step, the
typical amount of energy carried by the ions colliding with
the surface is reduced and this results in less material being
removed by each collision. At the end of step (cl), the
roughness of the surface will have been reduced from its
initial value, so step (c2) allows for the remaining, typically
smaller aberrations in the surface to be removed while
reducing the risk of damage to the surface caused by
high-energy ions. Step (c2) can be referred to as a “soft
landing” step. A “soft landing” in which the effects of
damage from high-energy collisions are mitigated can also
be achieved by, during a final part of step (c), performing a
cyclical atomic layer etching (ALE) process, preferably one
which is controlled so as to remove a layer at least 1 nm
thick from the unmasked surface. This may be achieved by
performing approximately 5 cycles of the atomic layer
etching process. The ALE process may be performed as an
alternative to step (c2) or in addition to step (c2) after the
substrate table bias has been reduced.

[0054] Preferably, P2 is in the range of 50 to 200 W and/or
the second time period is in the range of 2 to 10 minutes.
These parameters have been found to achieve particularly
effective smoothing of the surface in step (c2).

[0055] In preferred implementations, during step (c2), a
layer of 2 to 10 nm thickness is removed from the unmasked
surface by the etching. This can be achieved by a soft
landing step having a time period in the range of 2 to 10
minutes as stated above.

BRIEF DESCRIPTION OF THE DRAWINGS

[0056] Examples of methods in accordance with aspects of
the invention will now be described with reference to the
accompanying drawings, in which:

[0057] FIG. 1 schematically depicts an exemplary surface
processing tool adapted to carry out methods in accordance
with the first, second and third aspects of the invention;
[0058] FIG. 2 shows an example of a process in accor-
dance with embodiments of the invention; and

[0059] FIGS. 3(a)-(c) show illustrations of a silicon car-
bide wafer at different stages of preparation and subsequent
epitaxial growth in accordance with embodiments of the
invention.

DETAILED DESCRIPTION

[0060] FIG. 1 shows an example of a plasma processing
tool suitable for implementing the presently disclosed meth-
ods. The plasma processing tool 1 comprises a plasma
processing chamber 2 within which a silicon carbide (SiC)
wafer 30 is placed during use. To perform etching, an etch
gas mixture comprising one or more gases is introduced to
the plasma processing chamber 2 and the conditions con-
trolled in order to effect the desired etching mechanism. The
process parameters within the chamber are controlled and
can be adjusted by a set of at least one (but more typically
a plurality of) devices, of which examples are shown sche-
matically in FIG. 1. In this example, the tool 1 is equipped
with two input gas supplies 4(a) and 4(b) for supplying first
and second input gases, G1 and G2 respectively, to the
plasma processing chamber 2. Some embodiments of the
invention employ etch gas mixtures comprising more than
two gases, and it will be understood that the plasma pro-
cessing tool 1 may have any number of gas supplies each
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configured to supply a respective one of the component
gases of the etch gas mixture. The ingress of each gas to the
chamber 2 is controlled by valves 6(a) and 6(b) and respec-
tive mass flow controllers (not shown). Again, additional
mass flow controllers may be provided where more than two
gases are comprised by the etch gas mixture. The exhaust
gas, including unreacted input gases and any reaction prod-
ucts, is removed from plasma processing chamber 2 via a
duct 7 and associated pump(s) 8, the pump(s) 8 typically
being capable of reducing the pressure within the chamber
to near-vacuum conditions. The chamber pressure will be
determined in the main part by the exhaust pump system and
particularly the pumping speed and the “conductance” of the
pumping line from the chamber to the pump (this is a factor
related to the geometry of the pumping line). However
during processing, when a plasma is created and/or when
etching (or indeed deposition, as will be discussed later)
takes place, gaseous species may be lost or created inside the
chamber thereby having an effect on the pressure. In order
to regulate for such variation, an automatic pressure control
valve 8a is preferably provided as known in the art. The
valve 8a changes the conductance of the pumping line to
thereby enable the chamber pressure to be maintained sub-
stantially constant at the desired level as the plasma is struck
and the material etched.

[0061] The plasma processing tool 1 is equipped with a
plasma source for generating a plasma within the plasma
processing chamber by means of an electrical discharge.
Here, the plasma source is depicted as an inductively-
coupled plasma source comprising a coil 9 surrounding the
plasma processing chamber 2, which is supplied with RF
power from power supply 10 via a RF matching unit 11. The
RF matching unit 11 is configured to match the plasma
impedance to that of the RF supply 10 in order to maximise
efficiency of power transfer from the supply to the plasma.
An example of a suitable matching unit is disclosed in
WO-A-2010/073006. Other types of plasma source such as
a capacitively-coupled plasma (CCP) or a microwave
plasma source could be used instead.

[0062] The wafer 30 is mounted in use on a substrate table
14. As described below, a bias voltage is applied in use to the
substrate 30 and this is achieved by connecting a voltage
source 12 to the substrate table 14. If an RF power supply
12 is used then an Automatic impedance Matching Unit
(AMU) may preferably be provided to ensure good coupling
of power from the power supply 12 to the substrate table 14.
The tool 1 may further comprise a temperature control unit
16 such as a heater and/or cooling system for adjusting the
processing temperature of the substrate (additional devices
for heating and/or cooling of the plasma processing chamber
and plasma source may be provided to assist with process
control and/or to maintain hardware stability). For instance,
where etching is primarily to be carried out, the wafer 30
may be supplied with a coolant to prevent the significant
amount of energy transferred to the substrate during ion
bombardment and/or during exothermic chemical reactions
causing an undesirable increase in the substrate temperature.
The coolant could be helium, for example, which may be
supplied to a surface 305 of the wafer 30 proximal to the
substrate table 14. Preferably the helium is supplied to the
surface 305 at a pressure of about 2 Torr.

[0063] As explained above, some embodiments of the
invention involve growing an epitaxial layer on the surface
30a of the wafer 30 after the etching step. This step can be
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performed using a plasma processing tool 1 in which the gas
supplies 4(a), 4(b) are configured to supply materials and/or
precursors suitable for forming an epitaxial layer on the
surface of the wafer. Of course, other methods of growing
epitaxial layers could also be employed in these embodi-
ments.

[0064] The devices operate upon instruction from a con-
troller 20, such as a programmable logic controller (PLC) or
similar. In some cases, more than one controller can be
provided, with each controller controlling one or a subset of
the devices. The controller is also connected to a user
interface device such as a computer workstation 25 for
receiving input from the user and/or returning outputs.
[0065] InFIG. 1, the data connections between the various
devices and the controller 20 are indicated by dashed lines.
In practice, this may be implemented as a network such as
a CANbus bridge, which has connections to each of the
devices as well as the user interface 25. The bus typically
comprises multiple network channels including one or more
data channels such as serial data channels (e.g. RS485) and,
optionally, one or more power channels. The controller 20
issues commands across the bus, each of which is addressed
to one or more of the devices and includes instructions as to
one or more process parameters the device in question is to
implement. An example of a network protocol which could
be used for the issuing of commands for the control of the
devices is given in WO-A-2010/100425. Of course, many
other network implementations are possible as will be
appreciated by the skilled person.

[0066] FIG. 2 illustrates a method of preparing an SiC
wafer and performing subsequent epitaxial growth thereon
in accordance with the first, second and third aspects of the
invention. This method will be described with reference to
the exemplary plasma processing tool 1 of FIG. 1, though it
will be understood that the same method could be practised
with other apparatus.

[0067] In step 201, an SiC wafer 30 is placed on the
substrate table 14 inside the plasma processing chamber 2 as
shown in FIG. 1. The SiC wafer 30 preferably consists of
SiC only, though some impurities may be present, for
example dopants. The SiC in the wafer 30 is preferably
non-epitaxially grown, and may be grown from a melt, for
example. The SiC wafer 30 is positioned on the substrate
table 14 such the surface 30q distal to the substrate table 14
is unmasked, i.e. is not covered by a mask such as a
patterned photoresist layer such that when a plasma is
generated in the plasma processing chamber 2, substantially
all of the surface 30a is exposed to the plasma. Usually the
wafer 30 will be in the shape of a thin disc, having been
obtained by slicing from a larger cylindrical ingot. Typically
wafers produced in this way have diameters in the range of
100 to 200 millimetres (mm) and thicknesses in the range of
200 to 700 microns (um). During step 201, the arithmetic
average roughness of the unmasked surface 30qa is prefer-
ably at least 1 nm and preferably also less than 100 nm, more
preferably less than 10 nm. Roughness values in this range
are typical of wafers that have been mechanically polished
(but not chemically mechanically polished) as explained
above.

[0068] Once the wafer 30 has been placed on the substrate
table 14, a flow of an etch gas mixture into the chamber from
the gas sources 4(a), 4() is established in step 203, and then
a plasma is generated from this mixture at step 205 by
powering the inductively coupled plasma source. Which
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gases are supplied in step 203 depends on which of the first,
second and third aspects of the inventions is being per-
formed, and detailed examples of etch gas mixtures suitable
for implementing each aspect of the invention will be
described later together with the other relevant process
parameters. To illustrate this by way of a brief example,
embodiments of methods in accordance with the second
aspect of the invention could involve supplying a fluorine-
bearing gas such as SF, from one gas supply 4(a) and a
polymer-forming hydrofluorocarbon such as CHF; from a
second gas supply 4(b) during step 203.

[0069] For as long as the plasma is sustained by the plasma
source, it etches the unmasked surface 30a of the wafer 30.
Since the surface 30a is unmasked, the etching occurs in a
substantially uniform manner across the unmasked surface
30a and may thus be described as a blanket etch. The plasma
may be sustained by the plasma source for a predetermined
period of time, typically in the range of about 10 to 20
minutes. During this time period, the features of the plasma
processing tool described above may be used to control
parameters such as the substrate table bias power, the plasma
power supplied by the coil 9, the pressure inside the plasma
processing chamber 2, and the temperature of the wafer 30.
Optionally, the substrate table 14 may be biased with a
voltage while the plasma is present in the chamber. Hence,
in step 207 (which is optional, as signified by dashed lines)
a bias is applied to the substrate table 14 with a first power
P1 while the plasma source continues to power the plasma.
It may be that the same power P1 is maintained for the
duration of the etch, but in some preferred implementations,
as noted above, the bias power is reduced for a final portion
of the etch. Hence, the method may optionally involve
reducing the bias power during the optional step 209 to a
value that is lower than P1, preferably less than half of P1.
For example, typically P1 is in the range of 400 to 1000 W
while P2 is in the range of 50 to 200 W. The reduced bias
power P2 is preferably sustained for period of time in the
range of 1 to 5 minutes, while the total duration of the etch
is in the range of 10 to 20 minutes as mentioned above.

[0070] Once the etch has been performed for the required
amount of time, the plasma may be extinguished in step 211.
This can be achieved by evacuating the etch gas mixture
from the plasma processing chamber 2 and/or turning off the
supply of power to the coil 9 of the plasma source. Option-
ally, an epitaxial layer 213 may then be grown on the etched
surface in step 213. As noted above, this may be performed
by transferring the prepared wafer 30 to a chamber for
epitaxial growth, which could be a separate chamber pro-
vided as part of the same plasma processing tool 1 by which
the etch was performed or part of a separate device alto-
gether. It should be noted that this step is not necessarily
performed by the same entity and/or at the same apparatus,
facility or site as the preceding steps. For example, the wafer
30 may be prepared in accordance with steps 201-211 by a
manufacturer of wafers and then shipped to customers who
perform the epitaxial growth step 213. Since methods in
accordance with the present invention are capable of reduc-
ing the surface roughness of an SiC wafer 30 to a value
suitable for performing epitaxial growth, there is no need to
perform a chemical mechanical polishing step between steps
211 and step 213 (or indeed at any other time). The epitaxial
layer be a layer of SiC or any other material of which an
epitaxial layer can be formed on an SiC surface. The process
could involve forming additional epitaxial layers of the same
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and/or different materials, which could then be etched to
produce devices such as transistors and diodes.

[0071] FIGS. 3(a) to (¢) show cross-sectional views of an
SiC wafer 30 at various stages of its preparation in accor-
dance with the present invention. FIG. 3(a) shows the wafer
30 prior to etching, for example during step 201 of the
method of FIG. 2. The surface 30q that is to be prepared for
epitaxial growth thereon can be seen to have an undulating
profile with elevations and depressions (though these are
much exaggerated and not to scale with the thickness of the
wafer 30), which may be the result of damage caused by the
slicing, lapping and polishing of the wafer 30 and/or the
presence of defects at the surface 30a. The dashed line in this
drawing shows the arithmetic average roughness R, of the
surface 30a, which is the average deviation of the actual
surface profile from a nominal plane of the surface, which is
indicated by the solid line. R, is typically in the range of 1
to 100 nm, preferably 1 to 10 nm, before the wafer is
subjected to etching in accordance with the present inven-
tion. Furthermore, in some embodiments R, may be at least
5 nm before the etch is performed. For simplicity, the profile
of'the surface 305 has not been illustrated here, though it will
be understood that this surface will typically have a similar
roughness provided it has undergone the same processing as
the surface 30a. Preferably the surface 30a that is to be
etched is an Si face, i.e. a face that terminates in a layer of
Si atoms. This can be achieved simply by ensuring that the
plane of the wafer 30 is suitably oriented with respect to the
crystallographic axes of the crystal lattice as the crystal is
manufactured.

[0072] FIG. 3(b) shows the wafer 30 after being etched
during a method in accordance with the present invention,
for example during or after step 211 of the exemplary
method of FIG. 2. It can be seen the surface roughness R
of'the etched surface 304" is considerably less than the initial
value R,,. As noted above, R is preferably less than 3 nm,
more preferably less than 1 nm and still more preferably less
than 0.5 nm.

[0073] FIG. 3(c) shows the wafer 30 after an epitaxial
layer 31 has been grown on the etched surface 30a', as is
performed in some embodiments of the invention, for
example during step 213 in the process of FIG. 2.

[0074] We will now present experimental results showing
the reductions in surface roughness of SiC wafers achieved
by methods in accordance with embodiments of each of the
first, second and third aspects of the invention together with
the process parameters by which these results were
achieved. We will refer to these as processes 1, 2 and 3
respectively. In each process, steps 201, 203 and 205 of the
process of FIG. 2 were performed using an SiC wafer 30 for
which the arithmetic average roughness of an unmasked
surface 30a was measured before and after being etched.
The SiC wafers 30 that were used were produced by
Physical Vapour Transport and had diameters in the range of
100 to 150 nm, and the surfaces 30a that were etched
included both Si faces and C faces (i.e. faces terminated in
Si and C atoms respectively).

[0075] The experimental parameters and the results that
were obtained are shown in the pairs of tables 1(a) and 1(b),
2(a) and 2(b), and 3(a) and 3(b). Each table lists the flow
rates at which the gases in the etch gas mixture were
introduced to the plasma processing chamber 2 in standard
cubic centimetres per minutes (sccm), the pressure of the
plasma inside the plasma processing chamber 2, the power
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supplied to the coil 9 of the plasma source, the power of the
bias applied to the substrate table 14 and the duration of the
etch for each process are listed in these tables together with
the measured values of the arithmetic average roughness of
the unmasked surface 30qa of the before the etch in step 201,
R, and the arithmetic average roughness of the same surface
after the etch at step 211, R,". In each of processes 1, 2 and
3, helium was supplied to the surface 3056 of the wafer 30
proximal to the substrate table (in a backside cooling con-
figuration) at a pressure of 2 Torr so as to ensure that the
wafer 30 and substrate table 14 did not heat to undesirably
high temperatures during the etch. For the exemplary pro-
cesses 1, 2 and 3, it has been found that the values of the
pressure inside the plasma processing chamber 2, the power
supplied to the coil 9, the power of the bias applied to the
substrate table and the pressure of the helium can each be
varied by at least £20% of the values stated here while still
successfully preparing the surface 30a of the SiC wafer 30
for epitaxial growth.

[0076] Tables 1(a) and 1(b) shows the experimental
parameters listed above and the results obtained for two
experiments, experiments number 1 and 2, which were each
performed in accordance with embodiments of the first
aspect of the invention. In one of these processes, an etch gas
mixture composed of only H, and Ar was used, while in the
other two, the etch gas mixtures were composed of H,, SF
and Ar. As noted above, the first aspect of the invention only
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TABLE 2(a)
Plasma
Experiment CHF; flow rate SFg flow rate pressure
no. (scem) (scem) (mTorr)
3 10 70 3
4 10 70 3
TABLE 2(b)
Plasma Substrate Etch
Experiment source table bias duration R, R,
0. power (W)  power (W) (minutes) (nm) (nm)
3 3200 800 10 6.22 2.44
4 3200 1000 10 1.3 0.8
[0078] Tables 3(a) and 3(b) show the experimental param-

eters listed above and the results obtained for three experi-
ments, experiments 5 and 6, which were performed in
accordance with embodiments of the third aspect of the
invention. The etch gas mixtures used in these processes
were composed of HBr, O, and SF,. As noted above, the
only essential components of the etch gas mixture for
performing the third aspect of the invention are HBr and O,,
though the presence of a fluorine bearing-gas such as SF is
preferred.

. . . TABLE 3(a
requires the presence of H, in the etch gas mixture, though @
a fluorine-bearing gas such as SF, and a noble gas such as Plasma
Ar are both preferred additives Experiment HBr flow rate O, flow rate  SFg4 flow rate pressure
’ no. (sccm) (sccm) (sccm) (mTorr)
TABLE 1(a) 5 60 40 10 15
6 80 20 20 20
Plasma
Experiment  H, flow rate  SFg flow rate  Ar flow rate  pressure
0. (scem) (scem) (scem) (mTorr) TABLE 3(b)
1 150 0 50 20 Plasma Substrate Etch
) 200 5 50 5 Experiment source table bias duration R, R,
no. power (W)  power (W) (minutes) (nm) (nm)
5 3000 400 10 8.50 1.54
6 2500 200 10 4.76 0.76
TABLE 1(b)
Plasma Substrate Etch [0079] It can be seen that each of the exemplary processes
Experiment source table bias  duration R, R, used to conduct experiments 1-6 reduced the surface rough-
o power (W) power (W) (minutes) (nm)  (nm) ness of the etched surface 30a to values suitable for epitaxial
1 3000 400 20 .13 070 growth and hence successfully prepared the surface 30a for
2 2500 1000 20 1.1 0.41 subsequent epitaxial growth thereon.
1. A method of preparing a silicon carbide wafer for
. subsequent epitaxial growth thereon, the method compris-
[0077] Tables 2(a) and 2(b) show the experimental param-

eters listed above and the results obtained for two experi-
ments, experiments number 3 and 4, which were performed
in accordance with embodiments of the second aspect of the
invention. The etch gas mixtures used in these processes
were composed of CHF; and SF.. In these exemplary
processes, only one hydrofluorocarbon and one fluorine-
bearing gas were present in the etch gas mixture. However,
any number of other fluorocarbons and/or hydrofluorocar-
bons could be provided as alternatives or in addition to the
CHF, that was chosen for this implementation. Other fluo-
rine-bearing gasses besides SF, could also be utilised.

ing:

(a) placing the silicon carbide wafer onto a support table
in a plasma processing chamber such that the surface of
the silicon carbide wafer distal to the support table is
unmasked;

(b) establishing a flow of an etch gas mixture into the
plasma processing chamber, wherein the etch gas mix-
ture comprises molecular hydrogen, H,; and

(c) generating a plasma from the etch gas mixture within
the plasma processing chamber and using the plasma to
etch the unmasked surface of the wafer so as to reduce
the roughness of the unmasked surface.
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2. The method of claim 1, wherein the etch gas mixture
further comprises a noble gas, wherein preferably the ratio
of H, to the noble gas in the etch gas mixture is in the range
of 5:1 to 1.5:1, most preferably in the range of 4.5:1 to 2:1.

3. The method of claim 2, wherein the noble gas has an
atomic weight greater than 28, wherein preferably the noble
gas is argon, Ar.

4. The method of claim 2, wherein 5% to 40% of the etch
gas mixture consists of the noble gas, preferably 10% to
35%, more preferably 15% to 30%.

5. The method of claim 1, wherein the etch gas mixture
further comprises one or more fluorine-bearing gases each
configured to release fluorine radicals when in the plasma,
wherein preferably each fluorine-bearing gas is one of
sulphur hexafluoride, SF, carbon tetrafluoride, CF,, nitro-
gen trifluoride, NF;, and molecular fluorine, F,.

6. The method of claim 5, wherein the ratio of H, to the
fluorine bearing gas in the etch gas mixture is in the range
of 100:1 to 5:1, preferably in the range of 50:1 to 20:1.

7. The method of claim 1, wherein at least 20% of the etch
gas mixture consists of H,, preferably at least 40%, more
preferably at least 50%, most preferably at least 60%.

8-12. (canceled)

13. A method of preparing a silicon carbide wafer for
subsequent epitaxial growth thereon, the method compris-
ing:

(a) placing the silicon carbide wafer onto a support table
in a plasma processing chamber such that the surface of
the silicon carbide wafer distal to the support table is
unmasked;

(b) establishing a flow of an etch gas mixture into the
plasma processing chamber, wherein the etch gas mix-
ture comprises:

one or more fluorine-bearing gases configured to release
fluorine radicals when in a plasma; and

one or more polymer-forming fluorocarbons and/or one or
more polymer-forming hydrofluorocarbons; and

(c) generating a plasma from the etch gas mixture within
the plasma processing chamber and using the plasma to
etch the unmasked surface of the wafer so as to reduce
the roughness of the unmasked surface.

14. The method of claim 13, wherein the one or more
fluorine-bearing gases comprise one or more of sulphur
hexafluoride, SF, carbon tetrafluoride, CF,, nitrogen trif-
luoride, NF;, and molecular fluorine, F,.

15. The method of claim 13, wherein the one or more
polymer-forming fluorocarbons comprise octafluorocy-
clobutane, c-C,Fg and/or the one or more polymer-forming
hydrofluorocarbons comprise trifltuoromethane, CHF ;.

16. (canceled)

17. The method of claim 13, wherein the ratio of the
fluorine-bearing gas to the polymer-forming fluorocarbons
and/or polymer-forming hydrofluorocarbons in the etch gas
mixture is in the range of 15:1 to 3:1, preferably about 7:1.

18. The method of claim 13, wherein at least 90% of the
etch gas mixture consists of the fluorine-bearing gas and the
one or more polymer-forming fluorocarbons and/or poly-
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mer-forming hydrofluorocarbons, preferably at least 95%,
more preferably substantially all of the etch gas mixture.

19-22. (canceled)

23. A method of preparing a silicon carbide wafer for
subsequent epitaxial growth thereon, the method compris-
ing:

(a) placing the silicon carbide wafer onto a support table
in a plasma processing chamber such that the surface of
the silicon carbide wafer distal to the support table is
unmasked;

(b) establishing a flow of an etch gas mixture into the
plasma processing chamber, wherein the etch gas mix-
ture comprises at least hydrogen bromide, HBr and
oxygen, O,; and

(c) generating a plasma from the etch gas mixture within
the plasma processing chamber and using the plasma to
etch the unmasked surface of the wafer so as to reduce
the roughness of the unmasked surface.

24. The method of claim 23, wherein:

at least 40% of the etch gas mixture consists of HBr,
preferably at least 50%, more preferably at least 60%;
and/or

the ratio of HBr:O, in the etch gas mixture is in the range
of 3:1 to 1.5:1, more preferably about 2:1.

25. (canceled)

26. The method of claim 23, wherein the etch gas mixture
further comprises one or more halogen-bearing gases that do
not comprise bromine.

27. The method of any of claim 26, wherein the one or
more halogen-bearing gases comprise one or more fluorine-
bearing gases each configured to release fluorine radicals
when in the plasma, wherein preferably each fluorine-
bearing gas is one of sulphur hexafluoride, SF, carbon
tetrafluoride, CF,, nitrogen trifluoride, NF;, and molecular
fluorine, F,.

28. The method of claim 27, wherein the ratio of HBr to
the fluorine bearing gas in the etch gas mixture is in the
range of 100:1 to 2:1, preferably about in the range of 7:1 to
3:1.

29-42. (canceled)

43. The method of claim 1, wherein the wafer is oriented
such that the unmasked surface is a silicon face.

44. (canceled)

45. The method of claim 1, wherein step (c) further
comprises delivering helium to the surface of the wafer
proximal to the substrate table so as to cool the wafer,
wherein preferably the helium is delivered at a pressure in
the range of 1 to 10 Torr, most preferably about 2 Torr.

46-50. (canceled)

51. The method of claim 1, wherein step (c) comprises:

(cl) applying a bias voltage to the substrate table with a
first power, P1, for a first time period; and

(c2) after (c1), applying the bias voltage to the substrate
table with a second power, P2, for a second time period,
wherein P2 is less than P1, preferably less than 0.5
times P1.

52-54. (canceled)



